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INVESI!IWIONOF SPARKGAPS

Am- AND AIR-vEKmTY

With the use
of the effects&

By Clyie C. Swett,

of a constantignition

suBJwmDTo

CONDITIONS

Jr.

soume, a study wae m-de
air velocityon-theenergyA the tier of the

sparkand the durationof the-sprk dischargein the &rk gap for
variouscotitions of electrodespacing,electrodediameter,air
tempemture,and pressure. An oscillographicmeth~ was developed
and used to measureenergy,ave~e power,ati time. It was found
that anergy and avezmgepower increasedwith pressure,velocity,and
electrodespacingand that electrodediameterati air temperature
had negligibleeffect. Air velocitycausedthe dischargeto be
blowndownstreamand to existfor a shortertime and sometimes
causeda numberof successivesparksto be fommd~ The first s~rk
of the dischargecontainedmore energythanfollowingones.

. INTRODTRXUON

Variousnew typesof aircraft~et-propulsionenginethatare
currentlyin use and underdevelopmentutilizesparkgaps to i@te
a movingcombustiblegas. ti some cases,especiallyat high alti-
tudes,difficultieshavebeen eqerienced in obtainingignition.
Thesedifficultiesindicatethe need for electricalignition
studiesof flowinggases.

The subjectof electricalignitionof flowinggaseshas not
receivedmuoh attentiq chieflybecausetherehas been little
practicaluse for such information.The work thathas been done
was concernedwith showingthat turbulence-kes a gas more dH -
ficultto ignite;however,no measurementcd?the gas flow is mde
(reference1). Consequently,few experimentaldataare available
fromwhich ignitionstudiesof flowinggases can proceed.
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A progmm was thereforeundertakenat the NAOALewis labor-
atoryto studyelectricalQniticm C@ flowing gases. The first
S of the programwas an investigationto obtainfundamental
itiomationabouts~rk gaps subJettedto altitudeand air-velocity
conditionsand is reportedherein.

It was realizedat the startof the investigation that air
velocity would complicatemattera by blowingthe sparkdownstream.
It was theratoredecidedto developan oscillogrqhicmethodthat
wouldgive the followingItiormation:

(1)Energyin spark

(2)Dumtion af spark

(3)Avemge powerof spark

(4)IQmwledgeof mte at whioh sparkwas extinguished

(5)-ledge of whether sparkis reestablishedafterhating
been extinguished~

This informationaffofisa fairlyoompletepictureof the behavior
of the sparktier air-flowconditions.

APPARATUSAND PROCEDURE

IgnitionSystem

The ignition,or spark-producing,systeminoludesa condenser
that can be chargedani then dischargedthrougha combinationof
resistorsto prtiucein the sparkgap a dischargesomewhatsimilar
(insofaras en~rgy,voltage,and durationd the smrk discharge
are concerned)to that of the usualignitionsystemon aircraft.
The followingconditionswere produced:

Peakvoltage,volts... . . . . . . ... . . . . ..-. 14jooo
Sparkenergy(varieswith gap conditims),Joules. . . . 0.05-0.25
Durationof discharge(varieswltb gap conditions),
microseconds . . . . . . . . . . . . . . . . . . ..0. 200-7CN

This type of systemwas usedbecauseof its facilityof operation
and becauseits currentwave is free fmm oscillations,suchas
thosefoundin coil systems,thatwould complicatethe measurements. “

4
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The ignitionand measuringsystemsused in the investigation
are shownin figure1. CondenserC was chargedto 14,000voltsby
means of a high-voltagerect3fierconsistingof tmnsformers T1
and T2 and an 8013 rectifiertube. The voltagewas indloatedon
an electrostaticvoltmeter.Afterattainmentof the correct “
voltage,the high-voltagesome was removedby openiq *tch S1.
The condenser was dischargedby means of S2 mainly throughtwo
paths: (1)resistor RI, and (2)the path consistingof R2,
sparkgap G, and R3 in series. A SIIIallC1.&XWIlt ~SSed th3.Wl@

The s~rk-gap electrodeswere made of Inconeland two different
sizeswere used, l/16-inchand 3/16-inchdiameter. The electrodes
haa blunt endsand the centerlineof the electrodeswas perpen-
dicularto the direction@ flow. This type of electrodewas used
because& its simplicity.

MeasuringSystem
.

Measurementof the energyof the tischaxgewas made by causing
a voltage-currentchamcteristicof the dischargeto appearas a
traceon the screenof an oscillcgraphtubewith timingspots
superimposedon the trace. The dischargecument was obtaineaby
placingthe voltagethat it producesacross R3 on the horizontal
platesof the tube. The horizontalWlection & the electronbeam
of the oscillographtube is directlypzmportionalto the current
&nd can be calibmted to give currentdirectly. The voltageof the
dischargewas reduced by means of the voltagedividerconsistingof
R4$ ~, and ~ and placedon the verticalplates. Ve@ical
deflectioncan be calibratedin tezmsof the voltagec& the discharge.
Switch ~ was closedat conditionsrequiringsmallerdeflections
& the beam.

Calibrationsof the voltageand the currentwere obtainedby
applyimglumwnmltages and currentsand obserringthe bflections
of the been. Some slightcurrentpassesthnxgh the voltagediviaer
and R3, which resultsin somehorizontal&eflection. Consequently,
in all measurements,the currentpassingthroughthe diviaermust
be subtractedfrom the totalcurrent(as biicated by the oscillo-
gzqh tube)in order to obtainthe cuz’rentthroughthe sparkgap.
The di.tiaercurrentis actuallyso smallthat its inolueioncau&e&
only 2 to 3 percenterrorin results;however,it was subt=cted in
all casesin order to obtainas accurate resultsas possible.
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Timingspotswere placedon the resultingtraceby cuttingoff
the eleotronbeam at predeterminedintervalswith an audio oscillator
connectedto the Z-axisamplifier. The amplifiercut off the
electronbeam onlyon positivepeaksof the audio-oscillatorvoltage
waves.

.

The reproducibilityof resultswas determinedby insertinga
0.0483-miorofamd oondenserin placeof the sparkgap and then
obtaininga numberd osclllogramsof the voltage-ourrent-ttie
traoe. The oscillogramswere analyzedto detezminethe energy
goimgintothe oondenserand the resultsrevealedan averagedevia-
tion Of 2 peroentfrom the mean value. This deviation included all

errors in measuringthe voltage,ourrent,and time values on the
oscillograms,in plottinginstantaneouspower-timecurves,and b
measuringareas.

Air+’luwApparatus

Room-temperatureinvestigation.- The apparatusused to produce
air flow at room tempemture throughthe SKE@Cgap is shownin fig-
ure 2. A large-ca~city exhaustsystemwas used to produceair flow
throughthe test seotion. The pressureand the velocityof the
flowingair was controlledby means & two valves. The 3-inchvalve
openedintothe room so that roomair was used throughoutthe inves-
tigation. Air velooitywas increasedat the test sectionby reduo-

tion inflow area. The test seotionoonsistedof a l~-inch-inside-

diameterpolystyrenetubewith an electrodeassemblydesignedto
eliminateair leakagethatmightaffeotthe fluw throughthe test
seotion. An ultmviolet lampwas placedcloseto the 3-inchvalve
so that some& the air beingtakenintothe aptus was ionized
in order to reduoethe time lag of the sparkgap to a negligible
amount.

Air flowswere detemdned by means of pressuretaps and con-
nectionswere made to an absoluteand a differentialmanometer.
Calibrationwas made againsta pitot-statiottie insertedin the
testsection. All velocitiesgivenare thereforepeakvelocities
at the oenter of the tube.

Low-temmratureinvestigation.- Low-temperaturemeasurements
weremade by usingan altitudechambershownin figure3. Tempera-
tureand pressurewere controlledby means of refrigerationand
Vacuum-pwnpunits. The temperatureoouldbe variedover a range
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from 80° tO -70°F. Air at the desiredtempe=ture and pressurewas
circulatedthroughthe test sectionby means of a blower,the speed.
of whichwas controlledto give variousair velocities.A wooden
nozzlewas used to increasethe air velocity. A thermocouplewas
placedupstream of the nozzlefor tempemturemeasurements.The tem-
penture at the electrodeswas Oaloulatd by assumingadiabatic
,expansionbetweenthe two points. Air velooitywas measuredby
means of a pltottube insertedIn the end of the test section,but
looatedfar enoughdownstreamso as not to intetierewith the -k
nor its movement.

In an attemptto elhinate some of the time lag thatwas
encountered,it was found that theultravioletlampwas unsatis-
factoryat low temperatures.Consequently,a sparkplugwas
looated,as shownin figure3, and oonnectedto a 60-cycleignition
transformerin orderto providesufficientionization.This
arrangementwas satisfactoryand was used throughoutthe low-
temperatureinvestigation.

Analysisof Oscillogla=lms

The methodused to dete?xdneenergyand ave~e power is shuwn
in figure4. With the assumptionthatthe voltage-ourrentcharac-
teristicof a sparkdischargeis a functionof time,as in fig-
ure 4(a),eaohvalueof the to, tl, tz, . . . has a corre-

spondingcurrent io~ i~~ i2s . . . emd voltage

eo~ % e2, ...; or at instant to thereis an instanta-

neousvalueof pwer that is foundas the product eoio. The

instantaneouspoweroan similarlybe obtainedat auy time and oan
be plottedas a functionof time,as shuwnin figure4(b). The
area underthis curveoan be m-sured by somemeans,suchas a
pl.animeter,and representsenergybeoauseit is determinedby the
~roductwatt-seoonds,or joules. The ave&ge power is the energy
dividedby the the base and is shownas a dashedline in fig-
ures 4(b)and 4(d). Averagepxer is usuallyunimportant,but is
consideredhereinfor reasonsthatare subsequentlydiscussed.
E the dischargeshouldoonsistcd more than one spark (fore~ple
threesparks)the characteristicappearsas in figure 4(c),which
oanbe resolvedtitothe instantaneouspower-timearm in fig-
ure 4(d). Beoausethereare thrseseparatesparksin the whole
Uscharge, thereoanbe more than one valueof voltagefor certain
mlues of current.
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Detezmination of BreakdownVoltages

Breakdownvoltagesof the electrodesused throughoutthe inves-
tigationat O.250-inchspacingwere determinedwith a direot-
current-voltagesouroe. The voltagewaa graduallyinoreaseduntil
spark-overoocmed. Breakdownvoltagesare shownin figure5 for
variousoonditionsof pressure,electrodediameter,and air veloo-
ity. ~ta for 0.125-inohspacimgwould be approximately50 peroent
lowerthanthesedata.

DISCUSSIONOF MEJ!HODAND AJ?PARATUS

Probablythe most ~rtant advantage& the osoillogmphio
methodof studyis that it showswhat is hap~ning at all ttiesto
the spark. That is, thismethodshowswhen the a-k is extin-
guished,the rate of voltagerise,and the mte of deoayof current,
energy,and instan@neouspower. The methodis aocurateenoughfor
most purposes.

The oscillographicmethodhas a numberof disadvantages,the
greatestof which is the lengthcf ttie (15to 25 rein)necessary
to analyzeeachoscillogram.Measurementsmade at zero velooity
were inaccuratebeoausethe voltageacrossthe sparkgap during
the dtsuhargetimewas low. The defleoticmd the beam was small
beoausethe dividerratiooouldnot be increasedwithoutdangerof
damagingthe oscillogmphtube if the sparkgap failedto spark
beoauseof the lag. Beoausethe timingoscillatorwas not ttied
with the initiatingcirouit,the recording& timeby means of the
timiDgSpts was difficult.At sameconditionsat which the rate
C& voltagerise or currentdeoaywas rapid,the intensityof the
tracewas low,whichmade the film difficult to read.

The ignitionapparatusdesctibedis limitedto fairlylong
electrodespacingsand h$gherpressures}suohas thoseused herein.
At shorters~cings the sparkis extinguishedand reignitedtoo
&ten to make measurementspractical.

.

This oscill.ogmphiomethodmay have fairlywide application
in ignitionstudies. ~ the valuesof C, Rl) and R2, are

varied,the ignitionap~tus oan be ?mde to delivera wide range
of energiesand peak ourrents. The dividerconstsntsand current-
measuringresistorwould,of course,have to be changedaccordingly.
Sparksof shortdurationwouldprobablyrequirethata capacitance

,
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voltagedividerbe used. There
shorta dischazgeoouldbe used
decreasesas the sparkduration

~ applyingthismethodto
neglected in thismethodshould
energyIn the initialbreakdawn

7

wouldbe a limitationas to how “
beoausethe intensityof the trace
is shortened.

ignitionwork, one faotorthat is
be mentioned. This factoris the
of the s~rk gan. tkt is. the

energystoredin the oa~city of the s~k gas ~~ leads.” This
energyIs esthated to be lessthan 0.002 joulefor this apparatus
sad is negligibleherein. lh ignitionwork, some conditionstight
be encounteredwhere thisamountwouldbe an a~eciable part of
the totalenergy.

R?3SUUISAND DISCUSSION

The nmerioal valuespresentedapplyonly to this particular
ignitionsystemwith oircuitconstantsas specified,beoauseany
ohangein the valuesof C, Rl, ~ or the voltageohangesthe
swk energy. OthertypesC@ i~tion systamgive ddfferentnmer-
ioalresults,but the qualitativetrsmdsshouldbe the samewith
the possibleexception& systemsthat producevery short-duration
sparks.

The resultsare presentedfor
beoauseit was found that ohanging
1/16 inchhad negligibleeffect.

only one electrode diameter
the diameterfmm 3/16 to

The aotionof the sparkwhen subjectedto a movingair stream
is indioatedb figure6, which showsoscillogramsthatare illus-
trative& all the results. Voltageappearsas ordinatesand cur-
remt as abscissasin the oscillogrens.Figure6(a) showsresults
for differentair velocitiesat constantpressureand figure6(b)
showsresultsfor differentpressuresat constantair velocity.
As soonas the sparkwas establishedin a movingair stream,it
bqgan to move downstreamas indioatedby visualobservationsand
by a rate of currentdecreaseand voltageinoreasemuch greater
than that at zerovelocity. Voltageand current as functionsof
timeare shownin figure7. Figure7(a) showsresultsfor a oon-
stantpressureof 11.36inchesof mercuryabsoluteand f@re 7(b)
showsresultsfor a constantvelooityof 200 feet ~r second. As
the velocitywas increased,the sparkmovedfartherdownstream,
therebyincreasingthe rate of cnarrentdeoayso that the discharge
durationwas shortened. ~creasing pressurealso increasedthe
rate of currentdecayand shortenedthe disohargeduration.
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The valuesof Instantaneouspoweras a functionof time are
shownin figure8 for the same seriesof data shownby the oscillo-
gramsof figure6. The ratesof change& the instantaneouspower
were greaterat highervelocities,as indicatedby the slopesof
the curvesin figure8(a),and at higherpressures,as indicated
by the slopesof the wrves i.nfigure8(b).

At the highervelocitiesinvestigated(400end 500 ft/see),
anotherphenommon occurred;the rmrrentdecreasedat sucha rapicl
mte resultingin sucha largevoltagerise that an additional
sparkwas establishedbetweenthe electrodes,as indicatedby the
fourthand fifthoscillogramsof figure6(a)andby the curvesin
figures7(a)and 8(a). The numberof additio=l sparksthatwere
fozmdtiter the first sparkfor variousopemting conditims is
shownin tableI. The peak current,maximuminstantaneouspower,
and energyof the first sparkwere greaterthan thoseof the fol-
low5ngsparksin all caseswheremultiplesparksoccurred. ~
almostall cases,the voltageat whichthe secondsparkoccurred
was lessthan the direct-currentbreakdownvoltagefor the elec-
trodes. With few exceptions,the first sparkstillexistedat the
time the secmd sparkwas established.

The effectof air velocityon the energydlsaipsatedin the
sparkat various pressuresis shownin fQure 9 for 0.125-inchand
0.250-inchelectrode spacings. For the 0.125-inchspacing
(fig.9(a)),energyincreasedwith increasingvelocityand with
increasingpressure. For the 0.250-inchspacing(fig.9(b)),
energygenerallyinmeased with increasingvelocity,but no con-
sistenttrendwas indicatedwith variationin pressure. Much of
the deviaticmmust be attributedto the ez%aticnatureof the
s~k; no suchdeviatims were found in oheddng the accuracyof
the equipment.

The effectof air velocityon the d-tion of the discha~e
at variouspressuresis shownin figure10. For both electrode
s~cings, the time deoreasedwith increasingair velocityand with
increasingpressure.

.

The effeotof temperatureon the energydissipatedin the
sparkand on the duration&’ the sparkfor variouspress-s is
presentedh figures11 and 12,respectively,for the O.250-tich
electrodespacing. Temperaturehad littleeffecton eitherthe
energyor the durationof the spark. Figure11 indicatesno
consistenttrendfor variationof energywith ~essure for the
0.250-inch s~cing, whichparallelsthe resultsat figure9(b).
The dumtion d the spark&ecreasedwith increasingpressure
(fig.12),as in the caseof figure10.

.
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In cheekruns at givenoperatingconditions,the durationof
the sparkvariedsomewhatand, in general,the longertimesgave
greaterenergies. For this reason,averagepower (energydivided
by time)was detsrmi.nedand thesedata,shornti fi.gures13 and 14
plottedagainstair velocityand tanpemature,respectively,show
more consistenttrends. The averagepower increasedwith increasing
velocity,with i.ncreas~ pressure,and slightl.ywith ticreasing
temperature.The increaseof power (althoughslight)with incr~se
in temperaturewas unexpected.inasmuchas an increasein tempe~-
tureresultsin a decreasein aensity. With a decreasein pressure
(anddensity)the avezagepowerdecreased. Comparisonof fig-
ures 13(a)and 13(b)Indicatesthat averagepowerincreaseswith
electrodespacing.

No attemptwas made to photo@z@ the s~rk, but measurements
were made of the farthesttistancedownstreamthat t~ces of the
sparkcouldbe seenby the eye. Thesem-surments are shownin
figure15. At a velocityof 565 feet per second,tracesof the
dischargecould be seenas far as 1.1 inchesdownstream.The
determinationof the mte at whioh the sprk is blowndownstream
wouldrequirehigh-speedphotographyti is beyondthe scopeaP
thisinvestigation.

suMMmY&wsuLTs
With the use of a constantignitionsource,a studywas made

of the effectsof air velooityon the energyana the power of the
sparkand durationof the spa”rkdischargein the sparkgap for
variousconditionsc@ electrodespacing,electrode&kmeter, air
tempemture,and pressure. The followingresultswere obtained:

1. Ihergyati averagepower ~ the dischargeincreasedwith
air velocity,pressure,and electrodes~cing.

2. An increasein air velocitycausedthe dischargeto exist
f& a shorterthe; if the velocitywere sufficientlyhigh the
dischargeexistedas severalsparksratherthan as one sprk. The
energyin the firstof a nnnberof successivesparks was always
greaterthan thosefollowingit.

4
3. Air velocitycausedthe dischargeto be blown downstream

of the electzmdes.At a velocityof 565 feet per second,traces
of the dischargecouldbe seenas far as 1.1 inchesdownstream.
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TABLE I - NUMBER OF SPARKS AFTER FIRST SPARK FOR VARIOUS CONDITIONS OF
AIR VELOCITY, ELECTRODE SPACING, ELECTRODE DIAMETER, AND PRESSURE

Electrode spaoing, 0.250 in. Eleotrode Bpaoing, 0.125 h.

Air
Pressure

(in. Hg ab~ Air
Rressure

Velool
~

- velooi
T “

(in. Hg abeJ

(ft/8ec 5.26 11.36 15.36 19.36 25.36 (ft/seo 5.26 11.36 15.36 19.36 25.3(
.

I
o

2$
!250 --:.
300 al,1
400 1

e.%-

% a3,3
560 3
565 ----
570 ----

-------- ----

Electrode dhme

o 0 0

0 0 0

0 0
0 0 :

“---- -------- 0

nKl&
. ..- -----

75
550 I 815

Eleotrode diameter, ~ in.

o 0 %, o

0 0 0
-.--- -----

0 0 %,:

1 0 0
-.--” ----- --------
1 0 %,1, 0,0
1 ...-. --------

----- %, o ao,o,o,o
--.-- ----- 0

-----

0
-----

-----
-----
-----
-----

I I I----- ----- .. ..... -----1
0

20: 2
300 4
400 7
450 ----
480 ----
500
550 -.:-
555 ----
565 ----
575 9

%lore than one observation made at i%is condition.

L
o

0 :

; ;
----- -----

----- -----

3 2
4 2

0 I o I o
2 1 1
2 2 1
4 3 a3,2

----- ---- -----
-----1-----1-----

3
%;6 4

3
.“---

--”-. 5 -----
----- ----- 3

I I

Y

0
0

:
1
1

-----
----

0

1,0
1
1

:
-----
-----
-----
-----
-----

w

—.
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Air veloclty,O feet
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Air velocity,500 feet
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(a) Constantpressure,U. 36 inohesmeroury absolute.

Figure6. - Typioal osoiuograme representingcross seotIon of all results. Eleotrcde
spacing,0.250 inch; eleotrodediameter,3/16 i.nob;temperature,6U0 F.
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Figure 6. - Concluded. Typical oscil.logramarepresentingcross section of all results.
Electroiespaolng,0.250 inch; electrodediameter,3/16 inoh; temperature,800 F.
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(a) Constsntpressure,11.36inchesmercury absolute.

Figure 7. - Variationof volts e and currentwith time for various air
velocitiesand pressures. fE eotrode spacing,00250 inch; electrode
diameter,3/16 lnchj temperature,800 F.
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inoh; eleeta?ode diameter,3/16 Inch; temperature,800 F. .
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Fi@re 8. - VariationOf instmt~eous Power ~~ time at.v~iWs a*
veloc5.ttesand pressures- Electrodespacing,0.250Inch; eleotrode
diameter,3/16 inch; temperature,80° F.
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Figure 0. - Concluded. Variation of instantaneous power with time
# at various air velocities and pressures. Eleotrode spaoin ,

~0.950 inoh; eleotrode dlemeter, 3/16 inch; temperature, 80 F.
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temperature, 80° P.
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Figure10. - Effeotof air velocityon d=ation Of ~sch=ge at ~=io~
prassurea. Electrodediameter,3/16 inch;temperature, 80° F.
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